Local variables cannot describe the quantum correlations observed in tests of Bell inequalities. Likewise, we show that deterministic nonlocal variables cannot describe quantum correlations in a relativistic time-orderinvariant way. The quantum-measurement problem, which is the problem of what makes certain arrangements of atoms and other quantum entities act as measurement apparatuses, has led many authors to investigate the possibility of extending quantum theory with additional variables. Such extensions must, of course, not only be compatible with the well-tested predictions of quantum theory, but should also make new predictions.
The quantum-measurement problem, which is the problem of what makes certain arrangements of atoms and other quantum entities act as measurement apparatuses, has led many authors to investigate the possibility of extending quantum theory with additional variables. Such extensions must, of course, not only be compatible with the well-tested predictions of quantum theory, but should also make new predictions.
Until recently, this line of research was mostly focused on local variables and the Bell inequalities that follow as a consequence. This search for extensions based on local variables has proven to be extremely fruitful. When Bell proposed his inequality, the local extensions were compatible with all the tested predictions of quantum theory, but Bell showed that there were new predictions. These new predictions, the famous Bell inequalities, have since been tested and the experiments have refuted local extensions. Still, this has been very valuable for the progress of science.
But what about the possibility to extend quantum theory with nonlocal variables? Some research concentrated on particular nonlocal variables, as, for instance, those satisfying a criterion put forward by Leggett [1] , or on the family of deterministic nonlocal variables satisfying an auxiliary assumption as analyzed by Hardy and Squires [2] . More generally, it has been known since the 1970s that it is not difficult to add nonlocal variables that make quantum theory deterministic [3] . Admittedly, most of these nonlocal models are quite ad hoc and do not bring much insight into the measurement problem [4] , but the mere possibility of introducing such variables is interesting.
In this Rapid Communication, I ask whether nonlocal variable extensions to quantum theory could possibly be covariant in the sense of relativistic time-order-invariant predictions, i.e., invariant under a velocity boost that changes the time ordering of events. We shall see that a pretty simple argument (hence, possibly well known to some readers?) reduces any covariant nonlocal variables to Bell local variables whose existence is known to be incompatible with well-tested quantum predictions. Consequently, since local variables do not exist, neither do covariant nonlocal ones.
A well-known example of a nonlocal model is the de Broglie-Bohm pilot wave model [5] . This model makes precisely the same predictions as does standard quantum theory; hence, it is not an extension, but rather an interpretation. As recognized by Bohm himself, this model is not covariant. However, one may ask whether there is a covariant extension?
A variable, e.g., λ, by itself is neither local nor nonlocal; it all depends on how the variable λ is used in the model. In Bohm's model, e.g., the additional variables are the positions of the particles; hence, the additional variables are localized (local beables in Bell's terminology [6] ). But the way these variables are used in the model, via the quantum potential, renders Bohm's model nonlocal. In this Rapid Communication, we shall consider general nonlocal models in which λ determines the measurement outcomes.
The argument runs as follows. Consider a situation typical for a test of the Bell inequality as shown in Fig. 1 . Two spacelike separated partners, Alice and Bob, each hold a quantum subsystem of an entangled global system, e.g., two two-level atoms in the singlet state ψ (−) . Alice and Bob each have independently the choice of their measurement settings that we label a and b, respectively, i.e., Alice and Bob enjoy free will [7] . Let us first look at this situation from a reference frame in which Alice is first to choose her measurement and to secure her result α. Assume that her outcome is determined by the usual quantum state, her measurement setting a, and a hypothetical nonlocal variable λ, presently "hidden" (unknown) from us [8] . Her result is thus a function
where the function's name F AB is chosen to remind us that Alice is first in the time-ordering AB. Next, in this frame, Bob chooses his measurement setting b and secures his result β that is determined by the nonlocal variable λ:
where S AB stands for second in the time-ordering AB. Note that Bob's outcome could depend on Alice's measurement settings a; this is the sense in which the variable λ together with the functions F AB and S AB form a nonlocal model. Let us now look at the same experiment from another reference frame, one in which Bob is first (Fig. 1) . The same line of reasoning as above leads to
and
where, a priori, the functions F BA and S BA corresponding to the time-ordering BA could differ from the functions F AB and S AB . Now, in a covariant nonlocal model, Alice's result should be independent of the reference frame; hence, from Eqs. (1) and (4), one obtains
and a similar equation for Bob's result β. From Eq. (5), one deduces that the function S BA is independent of b. But then, Eqs. (3) and (4) define a local model in the sense of Bell. Hence, any covariant nonlocal model is equivalent to a Bell-local model and, consequently, contradicts well-tested quantum predictions, i.e., the violation of the Bell inequality.
In conclusion, we have shown that there is no deterministic covariant nonlocal models of quantum correlations, not more than local models.
We end this Rapid Communication with a few comments. First, our argument assumes a deterministic model, i.e., for any given λ, there is a unique pair of results, one on each side. For stochastic models, the situation is interesting [9, 10] but goes far beyond the scope of this Rapid Communication. Next, our result emphasizes once again the extraordinary robustness of quantum theory against any conceivable change. This may explain why the founders of quantum theory could discover it based on the very sparse data available to them at the time: There was simply little alternative. Finally, one should mention that a way out of our entire argumentation is to assume the existence of one preferred universal reference frame which determines unequivocally one and only one time ordering for all events [11] .
Note added. Recently, the results were discovered independently by Blood [12] . 
